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VKRZQWKHHIIHFWLYHQHVVRIFRPSHQVDWLRQJURXWLQJDVDQDFWLYHPLWLJDWLRQWHFKQLTXH>@,QWKLVSDSHUDQXPHULFDO
VWXG\ZDVFDUULHGRXWWRHYDOXDWHWKHSRVVLELOLW\RIUHGXFLQJJURXQGPRYHPHQWVLQGXFHGE\WXQQHOOLQJE\SUHLQVWDOOLQJ
DSDVVLYHSURWHFWLYHEDUULHUEHWZHHQ WKH WXQQHODQG WKHEXLOGLQJVH[SRVHG WRSRWHQWLDOGDPDJH WR OLPLW WKH ODWHUDO
SURSDJDWLRQRIGLVSODFHPHQWVIURPWKHWXQQHOD[LV0LWLJDWLRQEDUULHUVRIERUHGSLOHVDQGPLFURSLOHVKDYHEHHQXVHG
LQ6KDQJKDL>@DQG%DUFHORQD>@VKRZLQJWREHHIIHFWLYHLQUHGXFLQJJURXQGPRYHPHQWVLQGXFHGE\WXQQHOOLQJ
7KHHIIHFWLYHQHVVRISURWHFWLYHEDUULHUVKDVDOVREHHQGHPRQVWUDWHGE\FHQWULIXJHWHVWV>@DQGQXPHULFDOVWXGLHVKDYH
EHHQSHUIRUPHGWRLQYHVWLJDWHWKHUROHRIJHRPHWULFDODQGPHFKDQLFDOFKDUDFWHULVWLFVRIWKHGLDSKUDJP>@
,QWKLVVWXG\SDUDPHWULFDODQDO\VHVZHUHSHUIRUPHGXVLQJWKH)(FRGHV3OD[LV'DQG'WRGHILQHWKHVRLOVWUXFWXUH
LQWHUDFWLRQPHFKDQLVPV WKDWDOORZWKHUHGXFWLRQRIJURXQGPRYHPHQWV LQGXFHGE\ WXQQHOH[FDYDWLRQ3ODQH VWUDLQ
QXPHULFDODQDO\VHVZHUHILUVWFDUULHGRXWWRHYDOXDWHWKHHIIHFWVRIWKHZDOOOHQJWKDQGRIWKHURXJKQHVVDWWKHVRLO
GLDSKUDJPLQWHUIDFH$WKUHHGLPHQVLRQDOVWXG\ZDVWKHQFDUULHGRXWWRHYDOXDWHWKHHIILFLHQF\RIDGLDSKUDJPPDGH
E\SLOHVLQVWDOOHGDWGLIIHUHQWVSDFLQJWKDWLVJHQHUDOO\SUHIHUUHGWRDFRQWLQXRXVGLDSKUDJPZDOOPDGHE\DGMDFHQW
SDQHOVGXHWRWKHPLQRULPSDFWUHODWHGWRSLOHFRQVWUXFWLRQ
)LQDOO\D'PRGHOZDVGHYHORSHGWRHYDOXDWHWKHPLQLPXPKRUL]RQWDOOHQJWKQHHGHGIRUDGLDSKUDJPWRUHDFKLQ
DJLYHQVHFWLRQDERXWWKHVDPHHIILFLHQF\SURYLGHGE\DGLDSKUDJPRILQILQLWHKRUL]RQWDOH[WHQVLRQ&RPSOHWLRQRI
WXQQHOFRQVWUXFWLRQZDVDVVXPHGLQERWKWKH'DQG'DQDO\VHV
0RGHOGHILQLWLRQ
6RLOSURSHUWLHV
*URXQGFRQGLWLRQVDVVXPHGLQWKHDQDO\VHVDUHUHSUHVHQWDWLYHRIWKRVHHQFRXQWHUHGLQWKHKLVWRULFDOFHQWUHRI5RPH
FORVHWRWKH$XUHOLDQ:DOOVDW3RUWD$VLQDULD7KHVRLOSURILOHFRQVLVWVRIDPWKLFNJUDYHOO\PDGHJURXQG0*
RYHUO\LQJDVOLJKWO\RYHUFRQVROLGDWHGVDQG\VLOWOD\HUDERXWPWKLFNDQGDVDQG\JUDYHOZLWKDWKLFNQHVVRIDERXW
 P ZKLFK UHVWV RYHU D WKLFN GHSRVLW RI VWLII 3OLRFHQH RYHUFRQVROLGDWHG FOD\ ,Q WKH DQDO\VHV WKH FRQVHUYDWLYH
DVVXPSWLRQRIDGLDSKUDJPZDOOHQWLUHO\LQVWDOOHGLQWKHVDQG\VLOWZDVPDGH
7KHPHFKDQLFDOEHKDYLRXURIWKH0*ZDVGHVFULEHGXVLQJWKH+DUGHQLQJ6RLOPRGHO+6ZKLOHWKHEHKDYLRXURI
WKHVDQG\VLOWOD\HUZDVGHVFULEHGE\WKH+DUGHQLQJ6RLOPRGHOZLWKVPDOOVWUDLQVWLIIQHVV+6VPDOO>@ERWK
LPSOHPHQWHGLQWKHFRGH3OD[LV,QDGGLWLRQWRWKHIHDWXUHVRIWKH+6PRGHO+6VPDOOPRGHOLVDEOHWRGHVFULEHWKH
K\VWHUHWLF SDUDHODVWLF VRLO EHKDYLRXU DW YHU\ VPDOO VWUDLQ 7KH VWUHQJWK DQG VWLIIQHVVSDUDPHWHUV RI WKH VRLOVZHUH
VHOHFWHGWRUHSURGXFHGDWDIURPFURVVKROHWHVWVDQGIURPUHVRQDQWFROXPQDQGWULD[LDOWHVWVFDUULHGRXWRQXQGLVWXUEHG
VDPSOHVUHWULHYHGIURPWKHVLWH)LJXUHDOLVWVWKHYDOXHVDGRSWHGLQWKHDQDO\VHV
0HDVXUHPHQWVRISRUHZDWHUSUHVVXUHVKRZDGRZQZDUGVVHHSDJHLQWKHVLOW\VRLOIURPWKHPDGHJURXQGWRZDUGV
WKHJUDYHOZLWKWKHJURXQGZDWHUKHDGGHFUHDVLQJIURPWRPRG
3UREOHPGHILQLWLRQ
7KHPRGHOOD\RXWLVVFKHPDWLFDOO\UHSUHVHQWHGLQ)LJXUHEWKHWXQQHOKDVDGLDPHWHU'W PDQGLWVD[LVLVDW
DGHSWK] P7KHRIIVHWGRIWKHGLDSKUDJPIURPWKHWXQQHOD[LVLVHTXDOWR'W)RXUSRVVLEOHZDOOOHQJWKVZHUH
LQYHVWLJDWHG/ ]]'W]'WDQG]'W7KHGLDSKUDJPZDVDVVXPHGWREHFRQWLQXRXVPDGHE\DGMDFHQW
SDQHOVPWKLFNRUGLVFRQWLQXRXVPDGHE\DOLQHRISLOHVZLWKDGLDPHWHU'S PLQVWDOOHGDWVSDFLQJV 'S
'SRU'S,QERWKWKH'DQG'DQDO\VHVWKHYHUWLFDOERXQGDULHVRIWKHWUDQVYHUVHVHFWLRQRIWKHPRGHOVZHUH
ORFDWHGWXQQHOGLDPHWHUVDZD\IURPWKHWXQQHOD[LVZKLOHWKHPHVKHVH[WHQGHGDERXWGLDPHWHUVEHORZWKHWXQQHO
YHUWLFDOERXQGDULHVZHUHUHVWUDLQHGKRUL]RQWDOO\ZKLOHWKHEDVHZDVIL[HG$KRUL]RQWDOZLGWKORIPZDVDGRSWHG
IRUWKH')(PHVKWKDWLVFDSDEOHWRPRGHODOLQHRISLOHVZLWKDQGSLOHVLQVWDOOHGDWVSDFLQJV 'S'S
DQG'SUHVSHFWLYHO\'UDLQHGFRQGLWLRQRIVRLOZDVFRQVLGHUHGLQDOOWKHDQDO\VHV
3OD[LVLQWHUIDFHHOHPHQWVZHUHXVHGWRUHSURGXFHWKHVRLOVWUXFWXUHFRQWDFWWKH\DUHGHILQHGE\WKH5LQWSDUDPHWHU
WKDWUHGXFHVERWKVWUHQJWKDQGVWLIIQHVVSDUDPHWHUVRIDVHOHFWHGVRLO7KHLQWHUIDFHRIWKHGLDSKUDJPZDOOZDVDVVXPHG
HLWKHUSDUWLDOO\5LQW RUIXOO\URXJK5LQW ZKLOHLWZDVDVVXPHG5LQW IRUWKHFRQWDFWEHWZHHQWKHWXQQHO
OLQLQJDQGWKHVRLO
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
)LJ0RGHOGHILQLWLRQDVWUHQJWKDQGVWLIIQHVVSDUDPHWHUVRIVRLODQGLQLWLDOVWDWHFRQGLWLRQEJHRPHWU\RIWKHPRGHO
6LPXODWLRQRIWXQQHOH[FDYDWLRQDQGZDOOFRQVWUXFWLRQ
,QDOOWKHDQDO\VHVDVLPSOHWZRGLPHQVLRQDOH[FDYDWLRQVFKHPHZDVDGRSWHGWRVLPXODWHWXQQHOFRQVWUXFWLRQWXQQHO
H[FDYDWLRQZDVVLPXODWHGLPSRVLQJDVHWRIYHUWLFDOGLVSODFHPHQWVDWWKHXSSHUSRUWLRQRIWKHWXQQHOZKLOHOHDYLQJ
WKHLQYHUWIL[HGLQDVHFRQGVWDJHWKHVWUXFWXUDOHOHPHQWVWKDWVLPXODWHWXQQHOOLQLQJZHUHDFWLYDWHGDQGWKHFRQGLWLRQ
RQGLVSODFHPHQWZDVUHPRYHG
7KLVSURFHGXUHDSSHDUVPRUHVXLWDEOHWKDQDXQLIRUPUDGLDOFRQWUDFWLRQIRUWXQQHOVH[FDYDWHGZLWKFORVHGVKLHOG
WXQQHOERULQJPDFKLQHV>@7KHPD[LPXPGLVSODFHPHQWGLPSRVHGDWWKHWXQQHOFURZQZDVGHWHUPLQHGE\WULDODQG
HUURUWRPHHWWKHUHTXLUHPHQWRIDQRWLRQDOYROXPHORVV9/HTXDOWRDIWHUFRPSOHWLRQRIWKHWXQQHOERWKLQWKH
SUHVHQFHRUWKHDEVHQFHRIWKHGLDSKUDJP7XQQHOOLQLQJPDGHRISUHFDVWFRQFUHWHHOHPHQWVZLWKDWKLFNQHVVRI
PZDVVLPXODWHGXVLQJSODWHHOHPHQWV
7KHGLDSKUDJPZDOOZDVPRGHOOHGDVZLVKHGLQSODFHDQGGHVFULEHGDVDVROLGHOHPHQW$OOVWUXFWXUDOHOHPHQWV
ZHUHPRGHOOHGDVOLQHDUHODVWLFPDWHULDOV
$QDO\VHVUHVXOWV
7KHHIIHFWLYHQHVVRIWKHGLIIHUHQWVFKHPHVRIHPEHGGHGGLDSKUDJPVLQUHGXFLQJVHWWOHPHQWVLQGXFHGE\WXQQHOOLQJ
ZDV HYDOXDWHG E\ FRPSDULQJ WKH WUDQVYHUVH VHWWOHPHQW SURILOHV DVVXPLQJ WKH VWUXFWXUH WR IROORZ WKH JURXQG
PRYHPHQWV$TXDQWLWDWLYHHYDOXDWLRQRIWKHPLWLJDWLRQHIIHFWLVSURYLGHGE\WKHLQWHJUDOHIILFLHQF\KLQWGHILQHGXVLQJ
WKHUDWLREHWZHHQWKHDUHDVRIWKHWUDQVYHUVHVHWWOHPHQWWURXJKFRPSXWHGEH\RQGWKHEDUULHUSRVLWLRQLQWKHSUHVHQFH
ZGZDQGLQWKHDEVHQFHZIIRIWKHGLDSKUDJPZDOO
 
 ³
³ K
G[[Z
G[[Z
II
GZ
LQW    
257 Laura Fantera et al. /  Procedia Engineering  158 ( 2016 )  254 – 259 

)LJ3URILOHRIYHUWLFDOGLVSODFHPHQW'DQDO\VHV
7DEOH,QWHJUDOHIILFLHQF\FRPSXWHGIRUGLIIHUHQWOHQJWKVDQGVXUIDFHURXJKQHVVRIWKHGLDSKUDJP
 KLQW
 / ] / ]'W / ]'W / ]'W
5LQW     
5LQW     

7KHFORVHUWRLVWKHYDOXHRIKLQWWKHJUHDWHULVWKHVHWWOHPHQWUHGXFWLRQ7KHIROORZLQJHYDOXDWLRQVZHUHPDGHDW
DGHSWK]UHIRIPIURPJURXQGVXUIDFHZKLFKFDQEHDVVXPHGWRUHVHPEOHWKHW\SLFDOGHSWKRIDEXLOGLQJEDVHPHQW
)LJXUH VKRZV WKHSURILOHVRI YHUWLFDOGLVSODFHPHQWFRPSXWHG IURP'DQDO\VHV7KHSUHVHQFHRIDSUHLQVWDOOHG
GLDSKUDJPZDOOUHGXFHVERWKWKHJURXQGVHWWOHPHQWVEH\RQGLWVORFDWLRQDQGWKHFXUYDWXUHRIWKHVHWWOHPHQWWURXJK
WKHUHIRUH WKH EDUULHU LV FDSDEOH WR UHGXFH WKH EXLOGLQJ GDPDJH WKDW LV XVXDOO\ UHODWHG WR WKH IUHHILHOG SURILOH RI
VHWWOHPHQWV LQGXFHG E\ WXQQHOOLQJ 6HWWOHPHQWV UHGXFHZLWK WKH LQFUHDVH RI WKH GLDSKUDJP OHQJWK EXW WKH EHQHILW
EHFRPHVQHJOLJLEOHIRU/!]'W
7DEOH VKRZV WKHYDOXHVRI LQWHJUDO HIILFLHQF\KLQW DV D IXQFWLRQRI WKHZDOO OHQJWK DQG WKH VRLOZDOO LQWHUIDFH
URXJKQHVV,WLQFUHDVHVZLWKGLDSKUDJPOHQJWKEXWZLWKDUHGXFLQJUDWHYDOXHVRI/!]'WUHVXOWLQPLQRULQFUHPHQWV
RIKLQW+LJKHUYDOXHVRIKLQWDUHFRPSXWHGDVVXPLQJDSDUWLDOO\URXJKLQWHUIDFH5LQW EXWGLIIHUHQFHVDUHVHHQWR
UHGXFHZLWKZDOOOHQJWKEHFRPLQJQHJOLJLEOHIRU/!]'W
7KHREVHUYHGWUHQGFDQEHDWWULEXWHGWRWKHLQWHUDFWLRQEHWZHHQWKHGLVSODFHPHQWILHOGLQGXFHGE\WXQQHOOLQJDQG
WKHGLDSKUDJPWKDWUHVXOWVLQWKHGHYHORSPHQWRIVKHDUVWUHVVHVDORQJWKHZDOOVLGH)LJXUHDVKRZVWKHPRELOLVHG
VWUHQJWKUDWLRWWIDORQJWKHWZRYHUWLFDOIDFHVRIWKHEDUULHUSRVLWLYHYDOXHVLQGLFDWHXSZDUGVVKHDUVWUHVVHVW2QWKH
WXQQHOVLGHLQWHUIDFHVRLOVHWWOHVUHODWLYHWRWKHGLDSKUDJPJHQHUDWLQJGRZQZDUGVVKHDUVWUHVVHVZKLOHWKHGLDSKUDJP
VHWWOHVUHODWLYHWRWKHSRUWLRQRIVRLOIDFLQJWRWKHEXLOGLQJVRWKDWGRZQZDUGVVKHDUVWUHVVHVDUHDSSOLHGE\WKHZDOOWR
WKHVRLO7KHUHGXFWLRQRILQWHUIDFHURXJKQHVVUHGXFHVWKHGRZQGUDJIRUFHWUDQVPLWWHGE\WKHZDOOWRWKHVRLOZLWKDQ
LQFUHDVHLQHIILFLHQF\7KHLQFUHDVHRIGLDSKUDJPOHQJWKRIIHUVDORQJHUSRUWLRQRIZDOOIRUWKHGHYHORSPHQWRIWKH
VKHDUVWUHVVHVPDNLQJWKHPUHDFKLQJORZHUYDOXHVDVDFRQVHTXHQFH WKHPRELOLVHGVKHDUVWUHQJWKUHGXFHVDQGWKH
LQIOXHQFHRIZDOOURXJKQHVVEHFRPHVOHVVLPSRUWDQW
7KHHIILFLHQF\RIDGLVFRQWLQXRXVGLDSKUDJPPDGHE\DOLQHRISLOHVZDVHYDOXDWHGWKURXJK'DQDO\VHVLQZKLFK
WKHVLPSOHVFKHPHRISODQHVWUDLQWXQQHOH[FDYDWLRQZDVPDLQWDLQHG3LOHVLQVWDOOHGDWVSDFLQJVV 'S'SRU'S
ZHUHPRGHOOHGILUVWO\DVVXPLQJDIXOO\URXJKFRQWDFWEHWZHHQWKHSLOHVDQGWKHVRLO5LQW )LJXUHDVKRZVWKH
YDOXHVRIKLQWFRPSXWHGIRUDOLQHRISLOHVFRPSDUHGWRWKRVHREWDLQHGIRUDFRQWLQXRXVEDUULHU7KHURZRISLOHVLVVWLOO
DEOH WR UHGXFH JURXQG VHWWOHPHQWV LQGXFHG E\ WXQQHOOLQJ EXW WKH HIILFLHQF\ LV ORZHU WKDQ WKDW RI WKH FRQWLQXRXV
GLDSKUDJPDQGLWGHFUHDVHVZLWKLQFUHDVLQJSLOHVVSDFLQJFORVHO\VSDFHGSLOHVZLWKV'WVKRXOGEHXVHGWRREWDLQ
DVLJQLILFDQWUHGXFWLRQRIWKHJURXQGPRYHPHQWV
7KHOLQHRISLOHVLV OHVVDEOHWRDFWDVDVFUHHQIRUWKHGLVSODFHPHQWLQGXFHGE\ WXQQHOOLQJGRZQZDUGVYHUWLFDO
GLVSODFHPHQWVVWLOOGHYHORSEHWZHHQDQGMXVWEHKLQGWKHSLOHVOHDGLQJWRYDOXHVRIHIILFLHQF\ORZHUWKDQWKDWSURYLGHG
E\DFRQWLQXRXVGLDSKUDJP'LIIHUHQWO\IURPWKHFDVHRIDFRQWLQXRXVGLDSKUDJPZDOO)LJXUHEVKRZVWKDWIRUDOLQH
RISLOHVGRZQGUDJVKHDUVWUHVVHVGHYHORSQRWRQO\RQWKHWXQQHOVLGHLQWHUIDFHRIWKHZDOOEXWWKH\DUHVWLOO
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D E 
)LJ  6KHDU VWUHVVHVPRELOL]HGDW WKH GLDSKUDJP VXUIDFH D'DQDO\VHV FRQWLQXRXVGLDSKUDJP / ]'W E'DQDO\VHV OLQH RISLOHV
V 'S/ ]'W5LQW 

)LJ'DQDO\VHV D LQWHJUDOHIILFLHQF\FRPSXWHGIRUDFRQWLQXRXVGLDSKUDJPDQGIRUD OLQHRIGLIIHUHQWVSDFHGSLOHV5LQW  ELQWHJUDO
HIILFLHQF\FRPSXWHGDVVXPLQJGLIIHUHQWVXUIDFHURXJKQHVV/ ]'W
SUHVHQWRQWKHEXLOGLQJVLGHLQWHUIDFH3LOHVDUHHQWLUHO\HQYHORSHGE\WKHVXEVLGHQFHILHOGLQGXFHGE\WXQQHOOLQJDQG
DIXOO\URXJKLQWHUIDFHLVPRUHVXLWDEOHWRVXSSRUWWKHVRLOWKDQDSDUWLDOO\URXJKRQH)LJXUHEVKRZVWKDWIRUYDOXHV
RISLOHVSDFLQJV'WDIXOO\URXJKLQWHUIDFHLVIXQGDPHQWDOWRUHDFKJUHDWHUYDOXHVRIHIILFLHQF\
)LQDOO\'DQDO\VHVFKDUDFWHULVHGE\DGLDSKUDJPRIILQLWHKRUL]RQWDOOHQJWK/KZHUHFDUULHGRXWWRHYDOXDWHWKH
PLQLPXPKRUL]RQWDOH[WHQVLRQRIWKHZDOOQHHGHGWRUHDFKLQDJLYHQFRQWUROVHFWLRQWKHVDPHHIILFLHQF\FRPSXWHGLQ
SODQH VWUDLQ FRQGLWLRQ /K f7KHGLDSKUDJP LV VXSSRVHG WREHERWK FRQWLQXRXVPDGHE\ DGMDFHQW SDQHOV DQG
GLVFRQWLQXRXVPDGHE\DOLQHRISLOHVLQVWDOOHGDWVSDFLQJV 'S7KHGLDSKUDJPKDVD OHQJWK/ ]'WDQGDQ
LQWHUIDFHURXJKQHVVIDFWRU5LQW 7KHDQDO\VHVGRPDLQH[WHQGVIURPWKHFRQWUROVHFWLRQWRWKHVHFWLRQLQZKLFKIUHH
ILHOGFRQGLWLRQVDUH UHDFKHGDJDLQ7KHHIILFLHQF\RIERWK WKH OD\RXWV LQFUHDVHVZLWK/KEXWZLWKDGHFUHDVLQJUDWH
7DEOHDERXWRIKLQWXQGHUSODQHVWUDLQFRQGLWLRQVLVFRPSXWHGIRU/K#'W/K OZKLOHDERXWRIWKH
SODQHVWUDLQLQWHJUDOHIILFLHQF\LVHYDOXDWHGIRU/K#'W/K OLUUHVSHFWLYHRIWKHGLDSKUDJPW\SH
7DEOH9DULDWLRQRIWKHLQWHJUDOHIILFLHQF\5LQW / ]'WZLWKWKHZDOOKRUL]RQWDOOHQJWK
 KLQW
GLDSKUDJPZDOO /K O /K O /K O /K O /K 
FRQWLQXRXV     
V 'S     
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&RQFOXVLRQV
'LDSKUDJPZDOOVSUHLQVWDOOHGEHWZHHQWKHWXQQHODQGWKHEXLOGLQJVVKRZWREHHIIHFWLYHLQPLWLJDWLQJWKHHIIHFWV
LQGXFHGE\WXQQHOOLQJWKHLQWHUDFWLRQEHWZHHQWKHGLVSODFHPHQWILHOGLQGXFHGE\WXQQHOH[FDYDWLRQDQGWKHGLDSKUDJP
SURGXFHVDIDYRXUDEOHFKDQJHLQWKHVKDSHRIFRPSXWHGVHWWOHPHQWWURXJKV
7RRSWLPLVHVRLOVWUXFWXUHLQWHUDFWLRQDQGWRREWDLQDVLJQLILFDQWVHWWOHPHQWUHGXFWLRQWKHGLDSKUDJPOHQJWKVKRXOG
EHH[WHQGHGEHORZWKHWXQQHOLQYHUWDWDGHSWKRIDERXW'WIURPWXQQHOD[LV7KHURXJKQHVVDWWKHGLDSKUDJPVRLO
LQWHUIDFH SOD\V DQ LPSRUWDQW UROH LQ WKH HIIHFWLYHQHVV RI WKH LQWHUYHQWLRQ DIIHFWLQJ WKH VKHDU VWUHVVHV WUDQVPLWWHG
EHWZHHQWKHVRLODQGWKHZDOO,WZDVVHHQWKDWIRUDFRQWLQXRXVGLDSKUDJPZDOOPDGHE\DGMDFHQWSDQHOVKLJKHUYDOXHV
RILQWHJUDOHIILFLHQF\DUHFRPSXWHGIRUDVPRRWKHUZDOOLQWHUIDFHFRQYHUVHO\IRUDOLQHRISLOHVDURXJKVXUIDFHLV
QHHGHG WRREWDLQKLJKHU YDOXHVRI HIILFLHQF\ ,Q IDFW IRU D EDUULHUPDGHRI D OLQHRI SLOHV WKHGLVSODFHPHQW ILHOG
GHYHORSLQJEHWZHHQWKHSLOHVDQGWKHVKHDUVWUHVVPRELOLVHGDORQJWKHODWHUDOVXUIDFHRIWKHSLOHVPDLQO\DIIHFWVWKH
HIIHFWLYHQHVVRIWKLVPLWLJDWLRQWHFKQLTXH7KHUHIRUHWRDFFRXQWIRUWKHWKUHHGLPHQVLRQDOFKDUDFWHURIWKHLQWHUDFWLRQ
PHFKDQLVP 'PRGHOV VKRXOG EH XVHG UDWKHU WKDQ 'PRGHO LQZKLFK D SLOHGZDOO FDQ EH GHVFULEHG RQO\ E\ D
FRQWLQXRXVHTXLYDOHQWGLDSKUDJPRIUHGXFHGVWLIIQHVVDQGZHLJKW
:KLOHDQDO\VHVUHVXOWVVXJJHVWWKHFRQYHQLHQFHWRDGRSWFRQVWUXFWLRQVROXWLRQVFDSDEOHWRSURYLGHSDUWLDOO\RUIXOO\
URXJKLQWHUIDFHVGHSHQGLQJRQWKHW\SHRIWKHSURWHFWLYHEDUULHULWLVZRUWKPHQWLRQLQJWKDWWKHEHKDYLRXURIDUHDO
LQWHUIDFHLVVWURQJO\GHSHQGHQWRQWKHFRQVWUXFWLRQSURFHVVWKDWLVQRWHDV\WRNHHSXQGHUFRQWURO$VDIHGHVLJQRID
FRQWLQXRXVGLDSKUDJPZDOOVKRXOGWKHQEHFDUULHGRXWDVVXPLQJIXOO\URXJKLQWHUIDFHVZKLOHIRUDOLQHRISLOHVSDUWLDOO\
URXJKLQWHUIDFHVVKRXOGEHDVVXPHGWKLVGRHVQRWUHVXOWLQDQH[FHVVLYHXQGHUHVWLPDWLRQRIZDOOHIIHFWLYHQHVVLQWKDW
LQIOXHQFHRILQWHUIDFHDVVXPSWLRQVZDVVHHQWRGHFUHDVHZLWKGLDSKUDJPOHQJWK
$FNQRZOHGJHPHQWV
7KHUHVHDUFKZRUNSUHVHQWHGLQWKLVSDSHUZDVSDUWO\IXQGHGE\WKH(XURSHDQUHVHDUFKSURMHFW1(77811HZ
7HFKQRORJLHVIRU7XQQHOOLQJDQG8QGHUJURXQG:RUNV
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